Rats trained on a nonmatching-to-turn rule revealed that egocentric working memory is readily disrupted, hard to use, and transient. In Experiment 1, rats failed to acquire the rule in a plus-maze. Experiment 2 used 2 different plus-mazes to remove any intramaze cues. Task acquisition occurred only when rats could use direction cues (i.e., nonegocentric cues). In Experiments 3 and 4, a J maze was used to minimize the retention interval and eliminate handling rats within a trial. All rats acquired the nonmatching rule, although a 3-s retention delay severely impaired performance. Fornix lesions transiently disrupted performance of the J-maze task (Experiments 3 and 4), but neither fornix (Experiment 1) nor retrosplenial (Experiment 2) lesions impaired the plus-maze tasks.
Egocentric processing is one of the modes of spatial navigation readily available to rats. In its simplest version, the rat has to learn to go either to the right or to the left relative to its own body axis. This directional information is assumed to be independent of distal (e.g., visual) cues; rather, it is reliant on interoceptive cues. In order to uncover the brain structures in the rodent brain that support egocentric spatial memory it is first necessary to isolate this form of spatial processing. This task is relatively straightforward for egocentric reference memory, as rats can readily be trained to make a single fixed body turn, or even a sequence of such turns. There have, however, been far fewer attempts to train rats on an egocentric working memory task.
For egocentric working memory, a rat would have to select a body turn or angle on the basis of its previous turn, which can vary from trial to trial. Thus in a matching task, the rat might be forced to turn in one direction during the sample run, and then be rewarded for turning in the same direction during the choice run. The opposite contingency would apply in a nonmatching task. A number of studies have trained rats on such tasks (e.g., Kesner, Hunt, Williams, & Long, 1996; Rasmussen, Barnes, & McNaughton, 1989) , and these have pointed to the likely importance of the prefrontal cortex for egocentric working memory (Kesner et al., 1996; Kesner, Farnsworth, & DiMattia, 1989; Ragozzino, Adams, & Kesner, 1998) . For some of these studies, the rats are trained in the dark to help eliminate distal cues (Ragozzino & Kesner, 2001) , whereas in other studies, the relative positions of the choice arms help to nullify the use of allocentric cues (Kesner et al., 1996; Rasmussen et al., 1989) .
It is frequently assumed that egocentric strategies aid the performance of rats trained on tasks such as T-maze alternation (Dudchenko, 2001; Restle, 1957) . This assumption does, however, raise a complication. Removal of structures such as the hippocampus and fornix produces very severe T-maze alternation deficits (Aggleton, Hunt, & Rawlins, 1986; Rawlins & Olton, 1982; Warburton, Baird, & Aggleton, 1997) . Indeed, postoperative performance may be no better than chance. If, as is assumed, egocentric information can be used to solve this task, then it must follow that lesions of these same regions produce marked impairments for egocentric as well as allocentric tasks (Dudchenko, 2001) . Otherwise performance would be higher than chance. It was for this reason that in Experiments 1, 3, and 4 the original goal was to isolate the effects of selective lesions of the fornix on egocentric working memory. Nonmatching was chosen because this rule supports T-maze alternation. The difficulty that all rats (lesion and control) had in acquiring the task shifted the focus of the study onto the reasons why not only lesioned, but also normal, rats might struggle to display egocentric working memory.
Four related experiments are reported. Experiment 1 used a plus-maze, and rats with fornix lesions and control rats were trained on a nonmatching-to-turn rule under low light levels. In Experiment 2, rats were again trained on nonmatching-to-turn in a plus-maze in the dark, but two plus-mazes were used, placed side-by-side, to eliminate intramaze cues. The rats in this experiment received either retrosplenial cortex lesions or sham surgery before training. However, even with two adjacent mazes, there is evidence that rats can use a sense of direction to solve an alternation task if the mazes are placed in the same orientation (Douglas, 1966; Dudchenko & Davidson, 2002) , that is, alternating between east and west in a way that is not based on response cues. A quite different apparatus was, therefore, used in Experiments 3 and 4 to train rats on a nonmatching-to-turn rule. Here, rats ran in a J-shaped tunnel (and its mirror-image counterpart). The sample consisted of the forced turn around the base of the J, and the choice was the option of which arm to select at the junction of the stem with the top of the J. In Experiment 3, rats were trained after fornix surgery, whereas in Experiment 4, rats were trained and then received fornix lesions.
EXPERIMENT 1
This experiment examined the acquisition of an egocentric, working memory task in a plus-maze. The study involved two groups of rats (9 surgical controls and 7 fornix-lesioned) that were naive before this experiment.
Method

Subjects
Sixteen male rats of the pigmented Dark Agouti (DA) strain (Bantin and Kingman, Hull, UK) were used in this study. All subjects were housed in pairs under diurnal conditions (14:10-hr light-dark cycle). Rats were tested 5 days a week and were maintained at approximately 85% of their freefeeding weight. At the start of testing, the rats were aged 4 months and weighed 215-230 g. Water was available ad libitum throughout the study, and all experiments (1-4) were performed in accordance with the UK Animals (Scientific Procedures) Act (1986) and associated guidelines.
Surgical Procedures: Fornix Lesions
Each rat was deeply anesthetized by intraperitoneal injection of sodium pentobarbital (Sagatal) at a dose of 60 mg/kg. Rats were then placed in a stereotaxic frame (David Kopf Instruments, Tujunga, CA), and the scalp was cut and retracted. For the fornix lesions (FNX1, n ϭ 7) a Radionics TCZ electrode (0.3 mm tip length, 0.25 mm diameter; Radionics, Burlington, MA) was lowered into two sites in each hemisphere. The coordinates of these placements relative to ear-bar zero, with the incisor-bar set at ϩ 5.0 relative to the horizontal zero plane, were AP ϩ5.3, L Ϯ0.7, and AP ϩ5.3, L Ϯ1.7. The medial lesion was placed 3.6 mm below the top of cortex, and the lateral lesion was 3.5 mm below the top of cortex. In each site, the temperature of the tip was raised to 75°C for 60 s by means of an RFG4-A Lesion Maker (Radionics). For the surgical controls (Sham1, n ϭ 9), the procedure was identical, except that the probe was lowered to above the fornix and a lesion was not made. At the completion of all surgeries, the skin was sutured and an antibiotic powder (Acramide; Dales Pharmaceuticals, Skipton, UK) was applied. All rats also received a 5-ml subcutaneous injection of glucose saline.
Apparatus
The floors of the plus-maze were wooden, painted white, and 10 cm wide. Walls were constructed of clear Perspex, 17 cm high. Each stem was 70 cm long, with a guillotine door located 45 cm from the center of the maze, so creating a start area 25 cm long. At the end of each arm was a food well 2.00 cm in diameter and 0.75 cm deep. The maze was supported on two stands 94 cm high. Lighting was provided by a dim red light placed on the floor of the test room (0.645 lux at the center of the maze). Barriers made of aluminum were used to close arms on the sample runs.
After the first 18 sessions, the maze was modified by shortening each arm to 45 cm, with a new food well 10.5 cm from the end of the arm, that is, 34.5 cm from the center of the maze. All other features remained unchanged.
Behavioral Training
Testing began a minimum of 14 days after surgery. All rats were allowed to regain their preoperative weight, before being placed on a foodrestriction regimen. Testing began with several days of pretraining, after which the rats would run down the four maze arms to find food pellets (45 mg; Campden Instruments, Loughborough, UK). They were then tested for 18 sessions, with eight trials a day. No other training was given before this study.
At the start of each trial, the rat was placed at the end of a randomly selected arm. The rat was then allowed to run down the maze to the center, where aluminum barriers forced it to turn 90°in a preselected direction (right or left); that is, the maze was used as a T maze. At the end of the arm were two food pellets. The rat was then picked up and moved to another start box and, after the barriers were moved, it was allowed to run down the arm and given the choice of a 90°left or right turn. The delay between the end of the sample run and start of the choice run was typically about 5 s. The correct choice was the turn opposite to that of the sample run, for example, if right in the sample run, then left in the test run. A correct choice was rewarded with two pellets that had already been placed in the food well. After an incorrect choice, the rat was kept in the incorrect arm for approximately 10 s and was not allowed to visit the correct arm. Rats were run in squads of 4, and there was an intertrial interval (ITI) of approximately 4 min. Between trials, rats were kept in an opaque aluminum holding box. The experiment was balanced over blocks of 3 days, so ensuring that all four arms were used equally as both start and reward arms.
After 18 sessions, we reduced the retention interval by shortening both the sample and the choice runs. Training continued exactly as before for a further 9 sessions. In these sessions, the delay between the end of the sample run and start of the choice run was typically about 3 s.
Histology
On completion of the experiment, the rats were deeply anesthetized with sodium pentobarbital (1 mg/kg) and perfused transcardially with 0.1 M phosphate-buffered saline followed by 10% (wt/vol) formol-saline. The brains were removed and postfixed in 10% formol-saline and then transferred to 25% (wt/vol) sucrose overnight. Sections were cut at 40 m on a freezing microtome in the coronal plane, and a one-in-three series of sections was mounted onto gelatin-coated slides and stained with Cresyl Violet, a Nissl stain.
Results
Histology
In all cases, fornix lesions resulted in a complete, bilateral transection of the fornix (see Figure 1 ). There was additional involvement of the dorsal fringe of the anterior thalamic nuclei. The corpus callosum was cut in 3 cases. 
Egocentric Working Memory
The most striking result was the difficulty both groups of rats showed in acquiring the task (see Figure 2) . After 18 sessions, neither group was performing above chance (last 2 sessions: Sham1 49%, FNX1 51%; t Ͻ 1). Consistent with this result, there was no effect of block (F Ͻ 1). Changing the test procedure by shortening the arms for an extra 9 sessions had little, if any, effect, as an analysis of variance (ANOVA) comparing performance levels against maze-arm length showed that the change in arm length did not alter performance levels (F Ͻ 1). By the end of training (27 sessions), only the scores of the FNX1 rats were above chance (last 2 sessions: Sham1, 44%, FNX1 58%), but this narrowly failed to be significant: FNX1, t(6) ϭ 2.32, p ϭ .059. In spite of these very low levels of performance, there was a significant difference between the two groups over the 27 sessions, with the FNX1 group outperforming the Sham1 group, F(1, 52) ϭ 5.34, p ϭ .024. This small difference was most evident in the initial training sessions (e.g., simple effects, Block 1, p ϭ .037).
Discussion
The results of this experiment are straightforward, as control rats appeared unable to learn a nonmatching-to-turn task using egocentric cues. Before concluding that rats are unable to acquire such tasks, it is necessary to consider those factors that may have retarded performance. One possibility is that the retention delay was too long, as egocentric information may decay very rapidly. To compensate for this, we moved rats to a condition with shortened arms and, therefore, a shorter retention of 3 s plus the time taken to run down the sample arm. The control rats were still unable to learn the task. A further possibility is that arm selection was strongly influenced by place cues that were more salient than the egocentric feedback. These cues might guide arm choice, even though they need not increase the percentage of correct choices. An example of this is nonmatching-to-place, for which rats show an innate bias.
Evidence that this innate strategy may have affected choice behavior comes from the unexpected finding that the fornix lesions led to a small improvement in initial performance. This is consistent with other studies, which have found that fornix lesions can aid initial acquisition of nonmatching-to-sample (Shaw & Aggleton, 1993) , a nonspatial task in which the rats must first learn to stop nonmatching-to-place. In response to this potential shortcoming, we refined the task design for Experiment 2 to minimize all spatial cues (extramaze or intramaze), aside from egocentric information.
EXPERIMENT 2
Rats were again trained in a plus-maze in an alternation procedure (turn left, turn right, or vice versa), but with the sample run and the choice runs in adjacent mazes (see Figure 3 ; see also Dudchenko & Davidson, 2002; Lester, 1968) . This modification ensured that the rats would not have intramaze cues to affect test run performance. We restricted extramaze cues by having high, opaque side walls to the mazes and by testing the rats in low illumination.
As in Experiment 1, the study not only looked at the performance of normal rats but also included rats with limbic lesions. The rats in Experiment 2 with limbic surgery had extensive cytotoxic lesions of the retrosplenial cortex (area 29). There is much evidence that the rodent retrosplenial cortex is important for spatial learning and memory. This evidence includes the lesion-induced deficits found on both reference and working memory tests in the water maze (Harker & Whishaw, 2002a; Sutherland, Whishaw, & Kolb, 1988; Vann & Aggleton, 2002; Vann, Wilton, Muir, & Aggleton, 2003) , as well as tests of spatial working memory in the radial-arm maze (Vann & Aggleton, 2002; Vann et al., 2003) . It has been argued that, by virtue of its connections with both the anterior thalamic nuclei and the parietal cortex, the retrosplenial cortex is important for integrating exteroceptive and interoceptive information (Burgess, 2002; Save & Poucet, 2000) and for providing directional guidance information (Cooper & Mizumori, 1999 , 2001 . For these reasons, the retrosplenial cortex might be necessary for egocentric working memory.
Method
Subjects
Subjects were 20 male, pigmented rats (DA strain) weighing between 226 and 268 g at the time of surgery. They were housed in pairs under diurnal light conditions (14:10-hr light-dark cycle), and testing was carried out during the light phase. Rats were given free access to water throughout. All experiments were carried out in accordance with UK Animals (Scientific Procedures) Act, 1986 and associated guidelines.
Surgical and Histological Procedures
Rats were deeply anesthetized by intraperitoneal injection (60 mg/kg) of sodium pentobarbital. The 12 rats receiving retrosplenial cortex lesions (RSPL) were then each placed in a stereotaxic headholder (David Kopf Instruments) with the nose bar at ϩ5.0. The scalp was then cut and retracted to expose the skull. The lesions were made by injecting a solution of 0.09 M N-methyl-D-aspartic acid (NMDA; Sigma Chemical Company Ltd, Poole, UK) dissolved in phosphate buffer (pH 7.2) in six sites per hemisphere, with a 1-l Hamilton syringe (Bonaduz, Switzerland). The Figure 2 . Experiment 1. Acquisition of delayed nonmatching-to-turn, showing the mean (Ϯ SEM) percentage of correct scores of the fornix lesion and sham groups in the two conditions, normal maze arm length (Blocks 1-6) and shortened maze arms (Blocks 7-9). Blocks comprise three sessions, and chance was 50%. stereotaxic coordinates of the lesion placements relative to ear-bar zero, from the most anterior to the most posterior, were AP ϩ4.3, L Ϯ0.7; AP ϩ2.6, L Ϯ0.7; AP ϩ0.9, L Ϯ0.8; AP ϩ0.9, L Ϯ1.0; AP -0.2, L Ϯ1.1; and AP -1.4, L Ϯ1.3. The depths (in millimeters) from the top of cortex at the six sites were 1.6 (most rostral), 1.6, 2.2, 1.2, 1.6, and 1.0 (most caudal). Bilateral injections of 0.30 l were made in the first, second, fourth, and fifth sites; 0.15 l was injected in the third site, and 0.25 l was injected in the most caudal site. The 10 rats acting as surgical controls (Sham2) received the same procedure and drugs as the lesioned rats. This involved the removal of a bone flap and the needle being lowered, but without the injection of NMDA. Postoperative recovery procedures and subsequent histological procedures were identical to those for Experiment 1.
Apparatus
Two plus-mazes, with the same floor area, were used during the course of the experiment. The floors of both mazes were made from wood and painted with white enamel. The four arms were shorter (45.5 cm long and 12.0 cm wide) than those in Experiment 1, and the black Perspex sidewalls were higher (32.5 cm) to limit further any potential use of distal cues. At the end of each arm was a sunken food well 2.00 cm in diameter and 0.75 cm deep. Four metal legs raised the mazes 81.5 cm from the ground. The two mazes were positioned side by side (50 cm apart at the nearest point) in the experimental room (see Figure 3 ). Lighting was provided by two standard lamps, each with 60-W red lightbulbs. These were placed on the floor of the test room under each maze (light levels 0.645 lux in the center of each maze).
Behavioral Procedure
Testing started initially with 2 days habituation to the maze, with all food wells baited with sucrose reward pellets (45-mg Reward Pellets; P. J. Noyes, Lancaster, NH). During this habituation phase, a continuous replacement procedure was used so no arm visited was found to be empty on return. After this, all rats were trained on the nonmatching-to-turn rule.
As in Experiment 1, we determined sample turn direction by partitioning off two arms of the plus-maze, one of which was always the arm opposite the start arm. The partitions were made of opaque Perspex that fit into slots in the arms at the junction of the cross. After the rat turned into the preselected arm, it was allowed to eat two sucrose pellets that had previously been placed in the food well. Rats were then removed from the end of the sample arm and placed in a preselected start arm in the second maze. They were then given a free choice between the right and left turn arms, receiving a reward (three pellets) if they turned in the direction opposite to that in the sample run, that is, nonmatching (Figure 3 ). The maze used for the sample run varied from trial to trial. Each day contained an equal number of forced right or left turns in a pseudorandom sequence.
At the start of each session, rats were taken from the holding room to the experimental room in an enclosed, opaque carry box made of aluminum (4 rats per box). Each rat was in a separate compartment. Each group of 4 rats was tested together, with each rat having one trial in turn, so that the ITI was approximately 3 min.
All rats received 14 sessions, each session containing eight trials. The interval between the sample turn and the choice run was typically about 3 s. The correct arm for the choice run was prebaited before both components of the trial. For all trials, sample runs were started from the south arm (both Maze 1 and 2). After this, the choice run was started in the other maze. The start arm used for the choice run was either the south arm (Figures 3A and 3B) or the east or west arm of Maze 2 ( Figures 3C and 3D ). These four different trial types were selected ( Figure 3 ) because they required the shortest movement of the rat from the end of the sample run to the start of the choice run. This restriction helped to reduce the retention interval.
Results
Histology
The RSPL lesions involved much of the entire anteriorposterior extent of area 29 (see Figure 4 ). Within the lesion boundaries, most of the tissue had disappeared, but in the remaining areas, the cells looked abnormal and there was evident gliosis. Two cases were excluded because 1 had extensive bilateral hippocampal damage and the other had sparing of the caudal retrosplenial cortex. The final group comprised 10 RSPL rats and 10 Sham2 rats. 
Egocentric Task
Once again, both groups struggled to perform the task (see Figure 5 ). Although the overall scores of the RSPL group (56%) were above chance, t(9) ϭ 3.36, p ϭ .008, those of the Sham2 rats (53%) were not, t(9) ϭ 1.45, p ϭ .18. The Sham2 rats did, however, show some evidence of improvement, as their scores for the last two blocks of sessions were significantly above chance (59%), t(9) ϭ 3.85, p ϭ .004. When all of the scores were analyzed, there was a significant effect of block, F(6, 266) ϭ 3.34, p ϭ .003, but no clear group difference, F(1, 266) ϭ 3.22, p ϭ .07, or Group ϫ Block interaction, F(6, 266) ϭ 1.65, p ϭ .13. As in Experiment 1, there was evidence that the rats with limbic lesions outperformed the Sham2 rats at the outset of training (simple effects at Block 1, p ϭ .053).
As noted, there were four different trial types (Figure 3 ). Trial Types A and B can be grouped because in both examples the sample and choice runs were in the same direction (to the north in Figure 3 ). In contrast, the run directions in Trial Types C and D changed between the sample and choice phases. As this may produce different task demands (Dudchenko & Davidson, 2002 ) the scores on Trial Types A and B were compared with those on Trial Types C and D. This comparison led to a significant difference in performance, F(1, 26) ϭ 4.65, p ϭ .04, as the scores for those trials starting from the same direction for both the sample and choice run (Trial Types A and B, 57% Ϯ 0.08%) were higher than for those trials starting from an arm in a different direction relative to that of the start arm (Trial Types C and D, 52% Ϯ 0.02%). In addition, performance levels of Trial Types A and B were significantly above chance: Type A, 57%, t(139) ϭ 2.72, p Ͻ .01; Type B, 55%, t(139) ϭ 2.15, p ϭ .03, whereas trials of Types C and D were at chance: Type C, 53%, t(139) ϭ 1.80, p ϭ .07; Type D, 52%, t(139) ϭ 1.13, p ϭ .26. This direction effect was found for both the Sham2 and RSPL groups and is reflected by the lack of a Lesion ϫ Trial Type interaction (F Ͻ 1).
Discussion
When the data from all trials are combined, it first appears that rats are capable of learning an egocentric working memory task. Although final performance was only around 60%, it was significantly above chance. There was, however, a clear discrepancy in performance between trials of Types A and B (constant initial direction of sample and choice run) and those of Types C and D (different initial direction of sample and choice run), suggesting that the rats were unlikely to have been using egocentric cues to perform the working memory task. If they had been able to use egocentric cues, then the rats' performance should also have been above chance for Trial Types C and D. It should be added that this difference does not merely reflect shorter retention intervals for Trial Types A and B. Indeed, Trial Type D had the shortest retention interval between sample and choice, yet it could not be solved.
The difference between these trial types strongly indicates that the rats were using a nonmatching-to-direction rule. Evidence that rats can use a sense of direction to alternate in T mazes has been found in previous studies that have used pairs of mazes set in different places (Douglas, 1966; Dudchenko & Davidson, 2002) . Only if the mazes are aligned in the same orientation can rats show successful alternation. These findings all highlight the need for additional controls to ensure that tasks that appear to tax egocentric working memory cannot be solved by reference to a sense of direction.
There was no evidence that retrosplenial lesions impaired performance in spite of the potential floor effect. Indeed, just as for fornix lesions (Experiment 1) there was a transient enhancement of performance at the very initial stages of training. Once again, this is most likely a consequence of the Sham2 rats being more ready to spontaneously use a place alternation strategy, a strategy that the rats must extinguish if they are to use egocentric or directional cues effectively.
The results from Experiments 1 and 2 clearly indicate that it is extremely difficult for rats to apply an egocentric nonmatching rule when tested in a T maze set within a plus-maze. Two features that might contribute to this failure to use egocentric cues are the need to handle the rats between the sample and choice runs, and the delay between the sample and choice runs. For these reasons, the goal for Experiment 3 was to train rats on an egocentric nonmatching task that had a minimal retention delay and no handling between sample and choice. EXPERIMENT 3 A novel apparatus (J maze) was used for Experiments 3 and 4. The design of this apparatus ensured that the rats could run continuously between the sample and choice phase, and so minimize the retention delay. Furthermore, no handling occurred during this retention delay. Other changes included completely enclosing the maze in order to remove distal visual cues. Finally, only one start arm was used for all of the sample runs, to eliminate intramaze cues.
As in Experiment 1, this experiment compared the abilities of rats with fornix lesions and their surgical controls to acquire a working memory test of egocentric information. After testing on the J maze, rats were also run in an open T maze and trained on an alternation rule. This spatial alternation problem was chosen because it is highly sensitive to fornix damage (Rawlins & Olton, 1982; Warburton et al., 1997) and so tests the effectiveness of the surgery.
Method
Subjects
The subjects were 21 naive male rats of the pigmented DA strain (Bantin and Kingman). They were approximately 4 months old and weighed between 215 and 230 g at the time of surgery. Housing and care were the same as in Experiments 1 and 2.
Surgical and Histological Procedures
The 21 rats were assigned to two groups, with 6 rats receiving radiofrequency lesions of the fornix (FNX3) and 15 serving as surgical controls (Sham3). The surgical procedures for both groups matched those in Experiment 1. After perfusion, the coronal sections were cut at 60 m and every second section was mounted and stained with Cresyl Violet, a Nissl stain.
Apparatus
J Maze
The main section of the J maze consisted of a T maze that was totally enclosed (see Figure 6 ). The cross piece was made of wood, painted black and fitted with removable lids. It was 110 cm long and 17 cm high, and had infrared movement detectors fitted approximately 12 cm from the end of both arms. At the end of each side arm there was a food well 2 cm in diameter and 2 cm in depth. The food wells were made of aluminum and were fitted with a mesh false bottom. This enabled the experimenter to leave reward pellets under the mesh bottom so that both wells (baited and unbaited) would smell of the reward pellets, although they were only available in the baited arm. Separate sliding doors were fitted at the stem ends of each arm. These made it possible to open or close each arm independently.
The stem of the maze was 45 cm long and fitted with an infrared movement detector approximately halfway along its length. An additional sliding door was fitted at the top of the stem. All sliding doors were made of black Perspex. The slots for the doors were fitted with foam to minimize the amount of light entering the maze.
At the base of the T, an extra side arm was fitted at right angles. This start arm was made of a right-angled piece of circular, black plastic pipe (diameter 10 cm) that fitted snugly into the stem of the maze. As a consequence, this start arm could be rotated by 180°so that it served for both right-and left-turn trials. A start box 20 cm long was fitted with a sliding door and hinged lid. This start box could be fit onto the end of the pipe section of the maze to enable the experimenter to start the rat in either the right or left of the maze. The maze was supported by a table 50 cm high. Lighting was provided by a 40-W desk lamp situated under the supporting table to give the minimum amount of light required by the experimenter for testing (0.82 lux measured just above the light).
T Maze
After the J-maze acquisition, all rats received eight sessions of T-maze alternation. Testing was performed in a modifiable four-arm (plus-shaped) maze. The four arms (70 cm long, 10 cm wide) were made of wood, and the walls (17 cm high) were made of clear Perspex. At any time, one of the arms could be blocked off to form a T-shaped maze. Aluminum barriers could be positioned approximately 25 cm from the end of each arm to create a start area. The maze was supported by two stands (94 cm high) and was situated in a rectangular room (280 cm long ϫ 300 cm wide ϫ 240 cm high) illuminated by overhead lights.
Training Procedure
J-Maze Pretraining
A minimum of 14 days after surgery, all rats were given 8 days of maze habituation. By the end of this period, the rats would run freely down the maze to eat sucrose reward pellets (45-mg Noyes Reward Pellets). This was followed by 4 days of pretraining in which the rats were forced to make a nonmatching turn. For these sessions, the rat was placed in the start box, after first having been slowly rotated. The start box was then fit onto the pipe section of the maze. The sliding door was opened, and the rat was allowed to enter the maze. If the rat started on the right of the maze, that is, if it had to make a 90°right turn in the pipe, the right arm of the maze was blocked with a sliding door, so forcing the rat to turn left at the choice point. The rat was then rewarded with three sucrose reward pellets, which were collected from the food well. After consuming the reward pellets, the rat was removed from the maze and returned to the carrying box. The rats were tested in groups of 4, with each rat having one trial in turn, so that the ITI was approximately 2-3 min. Rats received four forced trials on Days 1 and 2, and then eight forced trials on Days 3 and 4. Between trials, all rats were kept in an opaque carrying box that was made of aluminum and had a metal lid.
J-Maze Training
Stage 1 (acquisition, Sessions 1-18). All rats received 18 sessions, each consisting of eight trials. The procedure was the same as that used in the final stage of pretraining, except that both the sliding doors at the choice point remained open. This allowed the rat to select which arm to enter. The rat was deemed to have chosen when the infrared detector flashed in the arm it had entered. The appropriate sliding door was then closed, so confining the rat to that arm for 10 s. If the rat had alternated (i.e., made a body turn that was opposite to the sample turn made in the pipe section) it was allowed to eat the reward pellets. The rat was then removed from the maze and returned to the carrying box. If an incorrect choice was made, that is, the rat did not alternate, the trial was rerun until the correct arm was entered. Rats were run in groups of four with each rat having one trial in turn; the ITI was approximately 2-3 min. Each day contained a pseudorandom sequence of start arm positions, so that half the trials started on the left and half on the right.
Stage 2 (0-and 3-s delays, Sessions 19 -24)
. The rats were next tested for a further six sessions using the same protocol, but a delay of 3 s was introduced between the sample and choice turns on some trials. As a consequence, each session contained four intermingled trials with zero delay (as in acquisition) and four intermingled trials with a 3-s delay. During the delay period, the sliding doors immediately after the start section and before the choice point were closed, confining the rat in the central stem section of the maze.
Stage 3 (performance and running speed, Sessions 25-30). All rats received six more sessions on the standard acquisition task (zero delay, Stage 1). During this stage, the time taken for the rats to run from the start box to the choice point was recorded (using the movement detectors).
Stage 4 (narrow tube, Sessions 31-36).
For the final six sessions, the rats were run at zero delay, but a length of narrower Perspex tube (10 cm diameter), painted black, was inserted inside the stem of the maze.
T-Maze Alternation
At the start of each acquisition trial, which consisted of two stages, two food pellets (45 mg; Noyes Purified Rodent Diet) were placed in each food well, and two aluminum blocks were placed at the neck of the plus-maze, thereby forming a T maze with one closed off arm. As a consequence, on each sample run the rat was forced to enter the open arm, where it was allowed to eat the food at the end of the arm. The rat was then picked up and placed back in a start arm. The door to the start arm was then opened, and the rat was allowed a free choice between the two arms of the T maze. On this choice run, the rat was considered to have chosen the correct arm if it had alternated place, that is, it had entered the arm not previously entered on the sample run. If the rat had alternated, it would then be allowed to eat the food reward before being returned to the holding box. If it made an incorrect choice, that is, returned to the arm visited on the sample run, the rat was judged to have made an error. Rats received trials in a pseudorandom sequence in which the start arm for the choice run was from either the same arm as the sample run or from the arm opposite the one used for the sample run. The rats were tested in groups of 4, with each rat having one trial in turn, so that the ITI was about 4 min. The rats received six trials per day for a total 8 days.
Results
Histology
In all 6 FNX3 cases there was considerable bilateral damage to the fornix (Figure 1 ). There was, however, some bilateral sparing of the most lateral portions of the fornix in 4 rats. This sparing varied from about 5% to 30% of the width of the track (Figure 1) . In 1 rat there was some additional damage to the septum, the dorsal margin of the thalamus, and the cingulum bundle.
Nonmatching-to-Turn J Maze Stage 1: Acquisition
The scores were grouped into six blocks of 24 trials (three sessions). Both groups rapidly acquired the task (see Figure 7 , upper panel), reaching peak mean scores of approximately 90%. This rapid acquisition by the Sham3 group was observed from Session 1. The FNX3 group did, however, show slower initial acquisition and reached a slightly lower level of performance after 18 sessions. This pattern was supported by an ANOVA in which there was a highly significant effect of block, F(5, 348) ϭ 16.53, p Ͻ .001, as well as a lesion effect, F(1, 348) ϭ 47.90, p Ͻ .001. In addition, there was a significant Group ϫ Block interaction, F(5, 348) ϭ 3.14, p ϭ .001.
Stage 2: 0-and 3-s Retention Delays
The rats performed 24 trials at both delays (Figure 7, lower  panel) . Even an additional delay as short as 3 s resulted in a spectacular drop in performance so that the mean scores were at chance: 3-s delay, FNX3, 50.7%, t(5) ϭ 0.16, p ϭ .87; Sham3, 51.4%, t(14) ϭ 0.55, p ϭ .59 (Figure 7, lower panel) . An ANOVA confirmed the highly significant effect of delay, F(1, 38) ϭ 72.90, p Ͻ .0001, but there was no effect of lesion (F Ͻ 1) nor Lesion ϫ Delay interaction (F Ͻ 1).
Stage 3: Performance and Running Speed
The discovery that a relatively short delay could have such a detrimental effect on choice accuracy raised the possibility that the two groups might be running at different speeds and this might have affected accuracy during Stage 1. Over the two blocks of three sessions (Sessions 25-30), the scores of the two groups were very similar, and there was no effect of lesion or session (both F Ͻ 1). The latencies (running speeds) of the FNX3 and Sham3 groups also did not differ (F Ͻ 1).
Stage 4: Narrow Tube
Rats were tested with a narrower tube that would increase contact with both sidewalls. This might make the task more difficult if the rats had been using asymmetric contact on the walls to aid the arm selection at the choice point. This modification resulted in a transient fall in performance (from 94% to 82%, see Figure 8 , upper panel), but rats from both groups were able to regain their previous levels of accuracy (around 94%) by the second block of three sessions. Consistent with this pattern, there was a highly significant effect of block, F(1, 122) ϭ 23.37, p Ͻ .001, but no effect of lesion (F Ͻ 1), and no Group ϫ Block interaction (F Ͻ 1).
T-Maze Forced Alternation
The FNX3 rats performed very poorly on this task (see Figure  9) , and their overall scores did not differ from chance (M ϭ 52%, t Ͻ 1). In contrast, the Sham3 rats consistently performed above chance (M ϭ 75%), t(14) ϭ 7.62, p Ͻ .001. This difference was reflected in the highly significant lesion effect, F(1, 152) ϭ 43.00, p Ͻ .001. Over the eight sessions of testing, there was no effect of session, F(7, 152) ϭ 1.74, p ϭ .28, and no Group ϫ Session interaction, F(7, 152) ϭ 0.77, p ϭ .61.
Discussion
In contrast to the preceding two experiments, rats were rapidly able to acquire a nonmatching-to-turn task in a J-shaped maze. Although the rats with fornix lesions showed an initial acquisition impairment, this lesion effect disappeared with additional training. This recovery was not due to the sparing of the most lateral parts of the fornix, as a similar acquisition profile was seen in those rats with complete fornix lesions. Furthermore, the finding that the same fornix lesions produced a very severe deficit on T-maze alternation confirms the effectiveness of the surgery, and shows that these two alternation tasks tax quite different processes.
The J-maze alternation task contains a number of design features that, on their own or in combination, might explain why this task appeared relatively easy to acquire. These features included the totally enclosed maze that removed exposure to external cues, the exclusion of intramaze cues by using a common start arm, the lack of handling between sample and choice, and the unusually short retention interval between these two phases. The design of the two preceding experiments makes it unlikely that the apparent ease of learning in Experiment 3 was due to the removal of distracting extramaze cues (Experiments 1 and 2) or the removal of misleading intramaze cues (Experiment 2). For this reason, reten- tion intervals were examined in Stage 2, in which we found that a delay as short as 3 s was sufficient to bring performance down to chance levels. This delay corresponded to the shortest delay that could be used in Experiments 1 and 2, where learning was largely impossible.
Fornix lesions led to a clear but transient impairment in performance. The absence of a lesion deficit in the later stages of training might suggest that the fornix deficit was not due to the difficulty of using egocentric cues per se, but due to initial behavioral patterns that retarded learning. The discovery that even a very brief disruption within the run can have a large deleterious effect is consistent with such a view. It was also found that the Sham3 rats did not start at chance, and so the group difference might reflect aspects of the pretraining and not the direct effects of fornix lesions on the ability to nonmatch a forced turn. For this reason it was next decided to test (Experiment 4) whether the fornix lesion deficit is ameliorated when rats are trained on the task prior to surgery.
EXPERIMENT 4
Naive rats were trained in the J-maze until performance reached an asymptote. The effects of fornix lesions on task reacquisition were then assessed. After this training, the rats were then tested on spatial alternation in an open T maze.
Method
Subjects
The subjects were 12 naive male rats of the pigmented DA strain (Bantin and Kingman). At the start of testing, the rats were aged 4 months and weighed 210 -240 g. The housing conditions, apparatus used for testing, surgery, and histology procedures were as described for Experiment 3.
Preoperative Behavioral Training
The apparatus and the pretraining procedures were identical to those used in Experiment 3. Pretraining was followed by 144 acquisition trials (Stage 1) using the same protocol as Experiment 3, except that 5 rats received 18 trials per session and 7 rats received 12 trials per session. This difference did not alter the final level of task performance before surgery.
Surgical Procedures
Immediately after these acquisition sessions, the rats were assigned to two surgical groups. Four rats received radiofrequency lesions of the fornix (FNX4), and 8 served as surgical controls (Sham4). The surgical procedures were identical to those described for Experiment 3. The rats were allowed to recover for 2 weeks after surgery before testing recommenced.
Nonmatching-to-Turn
Postoperative training was the same for all rats, with the rats first receiving 24 sessions, each of eight trials (Stage 2, Sessions 19 -42). This was followed by a further 6 sessions (Stage 3, Sessions 43-48) using the narrower stem tube (as in Stage 4 of Experiment 3).
T Maze
All rats underwent the same testing procedure as described in Experiment 3.
Results
Histology
In all 4 FNX4 cases, the lesions were centered on the fornix (Figure 1 ). There was, however, some bilateral sparing of the most lateral portions of the fornix in 3 rats. This sparing involved from 5% to 30% of the width of the track (Figure 1) . In 1 rat, the lesion also involved parts of the septum, the dorsal margin of the thalamus, and the cingulate cortex dorsal to the fornix. In 1 other rat, there was very limited retrosplenial cortex damage.
Nonmatching-to-Turn: J Maze Preoperative Scores
The initial acquisition scores for the sessions before surgery were grouped into blocks of 24 trials. By the end of training, the mean correct scores were above chance (see Figure 10 , preoperative performance), and, consistent with their task acquisition, there was a highly significant effect of session, F(5, 210) ϭ 10.52, p Ͻ .001. No difference was evident between the rats that were to form the two different surgical groups, F(1, 34) ϭ 2.66, p ϭ .11.
Postoperative Scores
Stage 2: Reacquisition. The postoperative scores were blocked by groups of three sessions (Figure 10 ). Comparing performance from immediately before and after surgery, it can be seen that the Sham4 rats were scarcely affected by the procedure. In contrast, the scores of the FNX4 rats showed a clear initial drop after surgery. Consistent with this difference in response to the surgery, an ANOVA (comparing Blocks 7-14) revealed a Lesion ϫ Block interaction, F(7, 296) ϭ 7.21, p Ͻ .001, and an overall effect of lesion, F(1, 296) ϭ 21.94, p Ͻ .001. There was, in addition, a highly significant effect of block, F(7, 296) ϭ 3.79, p Ͻ .001. The Lesion ϫ Block interaction accords with the observation (Figure  10 ) that the FNX4 rats were most impaired on the first few reacquisition sessions, but were eventually able to match the scores of the Sham4 group.
Stage 3: Narrower tube. For Sessions 43-48, a narrower Perspex tube was inserted into the stem of the maze. An ANOVA of these results showed a significant effect of session, F(1, 74) ϭ 14.36, p Ͻ .001, as there was a transient fall in performance (see Figure 8 , lower panel), but no effect of lesion (F Ͻ 1), and no Group ϫ Session interaction (F Ͻ 1).
T-Maze Alternation
The rats with fornix lesions performed poorly over the eight sessions, as their scores did not differ from chance (54%; see Figure 11 ), t(3) ϭ 0.80, p ϭ .48. In contrast, the Sham4 rats performed significantly above chance (70%), t(7) ϭ 7.01, p Ͻ .001. As a consequence of this difference, the FNX4 rats were significantly impaired, F(1, 88) ϭ 18.37, p Ͻ .001.
Discussion
The pattern of results is very similar to that observed in Experiment 3. Thus rats that had acquired the nonmatching-to-turn task before surgery showed a transient impairment after fornix lesions. Although these same fornix lesions were sufficient to impair T-maze alternation drastically, these same rats were able to recover from their brief nonmatching-to-turn impairment and reach control levels of performance on the task. Once again, changing the tube diameter led to a brief disruption, but rats rapidly recovered their scores on the nonmatching-to-turn task.
GENERAL DISCUSSION
The ability of rats (DA strain) to solve working memory tasks that could be solved by alternating a forced body turn was examined in four experiments. In the first two experiments, the rats were given a forced sample turn, then moved to a new start point before the choice turn. Experiment 1 was set in a plus-maze, and, even after extended training, the control rats could not perform above chance. Experiment 2 was run in two adjacent plus-mazes to exclude intramaze cues that might confuse the rats. Although the control rats could perform above chance in this configuration, this ability did not appear to reflect genuine egocentric alternation. In Experiments 3 and 4, a J-shaped maze was used, and evidence of nonmatching-to-turn was found, although the information supporting this ability appeared very transient. Finally, although all four experiments included rats with limbic lesions (fornix or retrosplenial cortex), many of the interesting findings relate to the control rats, and so these will be discussed first.
The present study was prompted by the need to dissect the cues that rats might use in standard behavioral tests of spatial memory, with the goal of comparing the neural substrates for these different cue types. One obvious class of cue concerns the direction of a goal with reference to the rat's body position (e.g., to the right or left). This egocentric information could readily be used to solve tasks such as T-maze alternation, and there is a long history of attempting to resolve the debate between the use of place and response (egocentric) strategies (Dember & Fowler, 1958; Restle, 1957) in such tasks. Given the undoubted ability of rats to use egocentric information to solve reference memory tasks (e.g., always go to the right irrespective of starting position), it would seem likely that rats can use the same class of information for working memory tasks. Indeed, a number of previous studies have not only described successful learning of egocentric working memory, but have also looked at the effects of specific brain lesions on this class of task (Kesner et al., 1996; Rasmussen et al., 1989) . The results of the present series of experiments highlight the need to reconsider these earlier findings in the light of our evidence that egocentric working memory is very transient and that rats are adept at using other strategies. There is, however, evidence that different rat strains perform spatial tasks with different degrees of accuracy (Harker & Whishaw, 2002b) , and so the generality of the present results using the DA strain should first be considered. In fact, the DA and Long-Evans strains perform in a very similar manner when trained on the nonmatching-to-turn tasks used in Experiments 1 and 2 (Futter & Aggleton, 2004) . The Long-Evans strain, which, like the DA strain, failed to show effective egocentric working memory, was selected because it has been claimed that its spatial performance is most like that of wild-type rats (Harker & Whishaw, 2002b) .
The nonmatching-to-turn tasks in Experiments 1 and 2 were designed to reduce the availability of other cues that might have overshadowed egocentric cues, and so assisted task acquisition. For this reason, the rats were run in mazes with high, opaque side walls under low or red-light illumination. Both experiments used plus-mazes to separate place from response strategies. Furthermore, Experiment 2 used two separate mazes-one for the sample turn, one for the test run. This manipulation was introduced to eliminate another potential cue, intramaze olfactory trails. In spite of these procedures, control rats were unable to solve the two tasks. It should be added that although performance in Experiment 2 did rise above chance, analysis of the error patterns showed that this did not reflect true egocentric alternation. When rats are run in two adjacent plus-mazes, it is possible to have sample and test runs that start initially in either the same or different direction with respect to the room (Figure 3) . As has been observed in previous studies (Douglas, 1966; Dudchenko & Davidson, 2002; Potegal, Day, & Abraham, 1977) , rats are able to alternate when the initial run leading to the choice point is in the same direction as that on the choice run. This effect was also found in the present study. As visual cues were deliberately minimized, it is most likely that this directional alternation depended on translating vestibular cues into spatial cues. Consistent with this conclusion, rats are able to use a sense of direction to solve T-maze alternation tasks, even when the two phases are carried out in adjacent test rooms (Douglas, 1966; Dudchenko & Davidson, 2002) . If egocentric working memory had supported performance, scores above chance would have been found regardless of the start direction. There was, therefore, no evidence that the rats performed in this way.
The failure of rats to acquire an egocentric strategy in Experiments 1 and 2 suggests that a design feature might have precluded learning. In both experiments, the rats had to be picked up and moved to a new start point. This would involve an inevitable delay of a few seconds, as well as potential interference from the rat moving while being handled. The rationale for Experiments 3 and 4 was to eliminate these potentially disrupting aspects of the procedure.
The ability of the rats to learn the response alternation task when it was a continuous run in a J shaped tunnel (Experiments 3 and 4) supports the view that egocentric information is either readily disrupted or very transient. In fact, it took the rats approximately 3 s to run down the length of the J maze, reflecting the period of retention that was taxed during acquisition. The finding that an additional delay of 3 s before the choice point was sufficient to bring performance levels down to chance underlines the fragility of the turn information. This very short retention period would also explain the failure to learn in Experiments 1 and 2, in which it took additional time to move the rats between mazes. At first sight, the dramatic effect of even a very short delay on choice accuracy might suggest an alternate explanation for the ability to solve the task in the J maze. It is possible that the rats learned two fixed sets of continuous stereotyped movements, "right then left" and "left then right," so converting the task into two, concurrent reference memory problems. This account might also explain the effects of delay, as the movement would have been disrupted and so the two trial types confused. It should, however, be added that when running down the stem toward the choice point the rat must still be able to distinguish a previous left or right turn, because at this point there is nothing to differentiate the trial types. For this reason, this concurrent reference memory account differs little, if at all, from the standard working memory version. Indeed, it is possible to redescribe all alternation working memory tasks in terms of concurrent reference memory tasks (including Experiments 1 and 2), highlighting the fact that these are not fundamentally different accounts. A final concern was whether the rats had learned a mediating strategy, namely, hugging the side wall that would predict the correct arm choice. It was for this reason that the narrower tube was also used (Stage 4, Experiment 3 and Stage 3, Experiment 4). The transient disruption in performance does not allow a definitive conclusion, as it could reflect the ability of the rats to learn to readjust their mediating strategy, or it could reflect a change in run speed or attention that might temporarily disrupt genuine nonmatching-to-turn performance.
Limbic Lesions and Egocentric Alternation
The rationale for investigating the effects of limbic lesions arises from the marked deficit on T-maze alternation observed after fornix (Rawlins & Olton, 1982; Shaw & Aggleton, 1993) and hippocampal (Aggleton et al., 1986) lesions. If it is assumed that egocentric cues can support T-maze alternation, then the discovery that performance remains close to chance after these surgeries suggests that these limbic lesions disrupt egocentric as well as allocentric alternation. In fact, the present results indicate that this conclusion is false, as egocentric alternation is not a viable strategy. Thus the devastating effects of fornix or hippocampal lesions on T-maze alternation do not imply an egocentric deficit to accompany the allocentric deficit.
There was intriguing evidence from Experiments 1 and 2 that lesions of the fornix or retrosplenial cortex, which can both disrupt allocentric tasks (Cassel et al., 1998; Sutherland & Rodriguez, 1989; Vann & Aggleton, 2002) , might aid alternation performance. In both experiments, there was evidence that the lesioned rats could outperform the surgical control group. This paradoxical effect presumably reflects the fact that, although distal cues are of no use in solving these tasks, normal rats will retain a strong, innate bias to try and use these cues for place alternation. This gives rats with limbic lesions an advantage, as they do not use these unhelpful cues. Similar cases of facilitated learning after hippocampal system damage have been previously reported (Auer, Jensen, & Whishaw, 1989; Shaw & Aggleton, 1993) , and these again stem from the benefit of not using inappropriate spatial strategies.
Fornix lesions did, however, produce a transient deficit on the turn alternation task in Experiments 3 and 4. This deficit was found whether the lesion was made before or after task acquisition. It is evident, as shown by the effects of changing the tube diameter or delaying the rats at the choice point, that normal performance is very fragile. For these reasons, it seems most likely that the deficit is not specific; that is, it does not reflect a selective failure to use egocentric information but rather a more general change in performance style that indirectly affects the turning task. Consistent with this view, performance after fornix lesions rapidly recovered to that of the controls.
Other Studies Showing Egocentric Working Memory
The results of the present study show that it can be extremely difficult to train rats on egocentric working memory tasks. This conclusion appears to contradict the few previous studies examining this form of memory. It is, therefore, important to reexamine these previous studies to determine whether there are conditions under which rats can unambiguously use egocentric working memory. The studies discussed below are not a complete list, but reflect the different strategies that have been adopted to train rats on this class of task. Ragozzino and Kesner (2001) , using a matching-to-turn task in a plus-maze, were able to train rats to levels of approximately 80% correct. A shortcoming in their study was the continuous nature of each trial, that is, the arm the rat was forced into on the sample run became the start arm for the test run. While this procedure ensured that the rats were not picked up between the sample and test runs, it also meant that the correct choice on the test run was always to avoid the arm in which the rat had most recently run. This leaves the potential for olfactory cues, as the maze was wiped clean only after each trial (not between sample and choice runs). Although rats were run in the dark, it should also be noted that the correct choice would always be to head to the area furthest away from the start of the sample trial. Given that rats have a sense of room direction (Douglas, 1966; Dudchenko & Davidson, 2002) , this feature could also aid performance.
It is this same aspect of rat spatial processing, the ability to maintain a sense of direction, that may compromise an earlier study of nonmatching-to-turn (Rasmussen et al., 1989) . In their study of egocentric alternation, Rasmussen et al. trained rats in the light in a radial-arm maze. In the first phase, rats were forced to the right (or left) when traversing the maze. The second (test) phase began with the rat being placed in the start arm one to right or left of the arm used at the start of the first phase. The rat was then allowed to traverse the maze and choose to turn either right or left (Rasmussen et al., 1989) . This arrangement precludes olfactory cues, but the correct choice is always directly opposite to the start of the first phase. This leaves the possibility that the rat could retain the original sense of direction and use this to solve the task. It is also the case that the correct choice is the goal area that is furthest from the original start arm, so other spatial cues could potentially be used.
A third test of egocentric working memory (Kesner et al., 1996) used two T mazes placed opposite each other, with a connecting arm joining the two choice points. The matching-to-turn task involved the rat making a right (or left) turn in one T maze, then a right (or left) turn in the other maze that was placed in a mirror image position. After an extended acquisition phase, rats were able to perform above chance with retention delays up to 30 s. The design ensured that rats could not use olfactory cues, although room direction cues might be limited because the rat is running in opposite directions at the start of the two test phases. It is, however, the case that a correct choice on the test phase would involve running to the spatial location furthest from that on the sample phase, leaving the possibility of a nonegocentric, alternation strategy. The finding that rats with hippocampal lesions were unimpaired on this task (Kesner et al., 1996) argues against the rats using this form of spatial information. At the same time, evidence that hippocampal lesions did not impair this test of egocentric alternation (Kesner et al., 1996) appears to be in conflict with the finding that hippocampal lesions can leave T-maze alternation at chance levels (Aggleton et al., 1986) . This inconsistency emerges because this spared egocentric alternation ability would in theory aid T-maze alternation, and so raise performance, yet this is not seen.
An analysis of these previous studies only serves to emphasize how difficult it may be to demonstrate egocentric working memory unambiguously. It may also be relevant that, unlike the present study, two of these previous studies used matching-to-turn. The choice of nonmatching in the present study arose from the desire to examine factors affecting T-maze alternation. Although it is the case that for alternation tasks based around foraging for food, nonmatching-to-place is the easier to learn (Gaffan & Eacott, 1986; Hunt & Aggleton, 1998) , it may be that for response learning there is a bias to match rather than nonmatch. Whether this is this case or not, the present series of experiments provide evidence that egocentric working memory is both transient and highly prone to disruption or interference. This should not be confused with the situation in path integration, in which a running update of bodyturn information contributes to the ability of animals to pilot a course back to a start position (Whishaw, 1998) . Indeed, a case could be made that having only transient egocentric information is of benefit for path integration, as the animal needs to update its relationship with the start point after every turn, but minimize interference from previous turns.
